Purpose of Review To review the most current diagnostic tools and treatment options for pyogenic and tubercular spine infection. Recent Findings Recent studies have focused on risk factors for failed nonoperative management in order to improve patient selection. Also, spine instrumentation and different grafting options have been safely utilized in the setting of an active infection without increasing the incidence of reoccurrence. However, the optimal surgical technique has yet to be established and instead should be patient specific. Summary Spine infections include a broad spectrum of disorders including discitis, vertebral osteomyelitis, and spinal epidural abscess. It is paramount to recognized spine infections early due to the potential catastrophic consequences of paralysis and sepsis. The management of spine infections continues to evolve as newer diagnostic tools and surgical techniques become available. Magnetic resonance imaging with contrast is the imaging study of choice and computed tomography-guided biopsies are crucial for guiding antibiotic selection. Antibiotics are the mainstay of treatment and surgery is indicated in patients with neurological deficits, sepsis, spinal instability, and those who have failed nonoperative treatment.
Introduction
Spine infections represent a heterogeneous group of disorders that includes discitis, vertebral osteomyelitis (VO), and spinal epidural abscess (SEA). Although rare, the incidence of VO has steadily increased as a result of patients living longer with chronic, immunosuppressive comorbidities, and now accounts for 2 to 7% of all cases of osteomyelitis [1] . Despite a significant amount of literature on spinal infections, minimal high-level evidence exists to guide ideal medical and surgical management. In this article, we focus on the current literature for pyogenic spinal infections (PSI) and spinal tuberculosis in order to guide clinicians through the medical and surgical decision-making process.
Pyogenic Spinal Infections
Hematogenous spread of bacteria to the spine is the most common mechanism of contracting a primary PSI. The most common organism causing PSI is S. aureus, with methicillinresistant Staphylococcus aureus (MRSA) accounting for over 40% of these cases [2] . The expansion of antibiotic-resistant bacteria is concerning as they increase the risk of failed nonoperative treatment. Graham reported a 12.7% incidence of gram-negative PVO, identifying E. coli, P. aeruginosa, H. influenza, and K. pneumonia on cultures [3] . Additionally, nearly 1 in 10 pyogenic vertebral osteomyelitis (PVO) cases are polymicrobial, emphasizing the importance of following cultures until finalized [2] . Risk factors for PSI include advanced age, immunosuppression (diabetes, malignancy, corticosteroids), IV drug use, indwelling central catheters, and recent spinal instrumentation [4] . Inoculation of the spine through hematogenous spread most commonly involves the lumbar spine (58%) followed by the thoracic (30%) and cervical spine (12%) [5] .
Spinal Tuberculosis
M. tuberculosis is the most common etiology of vertebral granulomatous infection. Vertebral granulomatous infections are found in 10-20% of TB cases in developed nations and upwards of 20-41% in undeveloped nations [6] . Tubercular infection commonly spread from the metaphyseal regions of the vertebral body anteriorly beneath the anterior longitudinal ligament and extends in a cranial-caudal direction. The spread can be discontinuous, creating skip lesions and paravertebral abscesses (Fig. 1) . Furthermore, immunocompromise has been found to increase the incidence of musculoskeletal lesions. While 3-5% of patients with pulmonary TB develop musculoskeletal lesions, this number substantially rises to nearly 60% in patients with HIV [7] . Compared to PSI, spinal tuberculosis displays a greater predisposition for thoracic spine involvement, deformity, and significant neurologic deficits [8] .
Clinical Evaluation
The clinical picture of spinal infections can mimic malignancy, as constitutional symptoms such as malaise, night sweats, back pain, and weight loss are common presenting symptoms.
Symptoms can also be misattributed to unremitting back pain from degenerative spinal disorders. As a result, the diagnosis of spinal infections can often be delayed and result in severe neurological complications [9] . Physical examination may reveal localized spinal tenderness over involved regions with limited range of motion. SEA is a relatively infrequent but potentially devastating spinal infection and an important pathology to rapidly identify. Davis found the classic triad of back pain, fever, and neurological deficit was present in only 13% of patients [10] .
In cases of advanced spinal tuberculosis, gross kyphotic deformity may also be present (Fig. 2) . Patient may also report dysphagia or dyspnea as a result of cervical spine infections spreading anteriorly and compressing surrounding structures. Clinicians should be aware that neurologic deficits can appear at multiple timepoints during the disease process, with 33% of deficits presenting in the first month, 40% between 4 weeks to 3 months, and 27% presenting after 3 months [11] . Pott's paraplegia is a distinct case of paralysis in the setting of spinal tuberculosis resulting from anterior pathologic compression of the neural elements due to abscess extension into the spinal canal or from kyphotic collapse of the vertebrae with bony retropulsion. Due to the low specificity of many of these clinical findings and the potential catastrophic outcomes, a high level of suspicion and a thorough diagnostic workup is required.
Diagnostic Evaluation

Laboratory Findings
Some serological markers, including erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), are useful screening tools to differentiate nonspecific back pain from more serious etiologies [12] . CRP is often elevated along with ESR, but CRP is more sensitive and more effective in monitoring treatment response due to its shorter half-life. Although often used as a screening tool, white blood cell (WBC) count is unreliable and may be normal in up to 40% of patients [13] . Clinicians should closely follow inflammatory markers during the treatment of discitis and VO, as ESR > 55 mm/h and CRP > 2.75 after 4 weeks of antibiotic treatment is associated with treatment failure (odds ratio 5.15) [14] . Compared to PSI, TB is less frequently associated with elevated inflammatory markers. Blood cultures are not sensitive but should be obtained in all patients with a suspected spinal infection as positive results drive antibiotic selection and can predict poor outcomes of nonoperative treatment [15] .
Plain Radiography
Plain radiographs are usually normal during the early phases of a spinal infection. Radiographic findings such as narrow disc space and destruction of the endplates may be evident; however, bony destruction may not be present for weeks. In contrast, during the early phases of infection, spinal tuberculosis may show vertebral body involvement with sparing of the disc space and is more commonly seen posteriorly. In chronic PVO and spinal tuberculosis, clinicians should also obtain upright 36″ AP and lateral imaging for surgical planning to evaluate for kyphotic deformity with potential sagittal imbalance.
Magnetic Resonance Imaging and Computed Tomography
Contrast-enhanced MRI is the imaging modality of choice for diagnosing spinal infections. MRI can help show the extent of the infection, provide superior imaging of paraspinal soft tissue and epidural space, and assist with distinguishing tubercular spinal infections and PSI. MRI is also critical in the setting of neurologic deficit for planning surgical approach and levels of decompression and stabilization. If available, MRI scanning of the entire spine is optimal to evaluate for skip abscesses and other areas of neurologic compression (Fig. 3) . For example, Ju et al. reported 22 skip lesions in 233 patients with SEA [16] .
Early MRI changes for discitis and PVO commonly display increased T2 and decreased T1 signal intensity in affected discs and adjacent endplates/vertebrae and increased T2 signal in the paraspinal soft tissues. The early MRI findings of increased T2 disc signal along with contrast uptake within the disc are highly sensitive (70-100%) for diagnosis [2] . Findings on MRI that can help distinguish spinal tuberculosis from PSI include large, well-defined paraspinal abscess with thin rim enhancement and smooth margins, thoracic spine involvement, subligamentous extension to adjacent vertebra with preserved disc height, and multilevel involvement with skip lesion [17] . Anley and colleagues found that patients with both TB vertebral osteomyelitis (TBVO) and HIV have been found to demonstrate increased vertebral collapse (107% versus 75.3% for TBVO patients who are HIV negative) and large anterior epidural purulent collections [18] . CT scan be obtained to demonstrate the extent of osseous destruction and for preoperative planning, but soft tissue involvement and the epidural space are poorly evaluated.
Biopsy and Cultures
Despite the effectiveness of advanced imaging, diagnostic cultures are central to directing antimicrobial therapy. In patients without indications of urgent surgical treatment, tissue biopsy via CT-guided needle biopsy is often required. CT-guided spinal biopsy is a useful tool for making a definitive diagnosis and potentially avoiding the need for open surgery. CT-guided biopsies have a specificity of 99% but its sensitivity ranges from 52 to 91% [19, 20] . Biopsies of related soft tissue abscesses may offer higher diagnostic yields in patients with PVO with soft tissue abscesses; as Kim reported, culture positive rates of vertebral bodies and soft tissue were 39.7 and 63.5%, respectively [21] . If cultures cannot be successfully obtained percutaneously, open biopsy should be considered.
Unless the patient is septic, antibiotics should be held prior to obtaining cultures as studies have shown that empiric treatment has been associated with lower diagnostic yield [22] [23] [24] . While De Lucas et al. identified a causative organism in 60% of patients not previously treated with antibiotics, only 23% of patients who had received antibiotics had positive cultures [24] . If tuberculosis is suspected, acid fast bacilli (AFB) and cultures should be collected.
Treatment
Most spinal infections can be treated successfully with a combination of prolonged antibiotics and bracing. However, patients with a neurological deficit, sepsis, spinal instability, or those who have failed nonoperative treatment are best managed with a combination of medical and surgical treatment. Timely diagnosis and a multidisciplinary approach are essential to the management of any spinal infection.
Antibiotics are the mainstay of treatment. Generally, antibiotics should be administered after cultures are obtained. However, in the setting of severe sepsis, broad-spectrum antibiotics should be initiated empirically. The choice and duration of antibiotic should be tailored to the isolated organism and infectious disease specialist should be consulted to assist with antibiotic selection, dosing, route, and duration of therapy. Discitis and VO without an epidural abscess can commonly be medically managed, with surgery reserved for failed nonoperative treatment or progression of spinal deformity resulting in instability. Factors that suggest spinal instability include vertebral body collapse greater than 50%, greater than 20°of angulation, and greater than 5°of vertebral translation [25] .
Discitis and Vertebral Osteomyelitis
The goals of surgery include early decompression, aggressive tissue debridement, and stabilization of the spine. The approach for the surgical management of discitis and VO is controversial and guided by clinical judgment. While an anterior approach allows direct exposure for debridement and reconstruction, the posterior approach allows for posterior instrumentation, debridement, and reconstruction with one approach but may limit direct access to pathology. As surgeons become more proficient with minimally invasive surgery (MIS) techniques, MIS posterior and direct lateral retroperitoneal approaches have been published for PSI with successful results [26] [27] [28] . The surgical approach for cervical discitis between anterior debridement and fusion or circumferential approaches is controversial. While Shousha and colleagues reported successful results with anterior alone surgery for cervical discitis, Ghobrial have suggested efficacy and low complication rates with circumferential (anterior discectomy and fusion with posterior instrumentation) treatment of cervical discitis and cervical epidural abscesses [29] [30] [31] . Additionally, significant controversy exists in the use of instrumentation, one-stage versus two-staged procedures, anterior versus posterior instrumentation, and the use of autograft versus allograft.
Despite controversy, multiple studies suggest favorable outcomes and low recurrent infection rates using instrumentation in the surgical treatment of spinal infection. Bydon and colleagues retrospectively reported on 118 patients undergoing debridement of PSI with or without instrumentation, noting similar rates of recurrent infection (8.3% for debridement and 9.8% for debridement with instrumentation) and reoperation (19.4% for debridement and 17.1% for debridement with instrumentation) [32] . Similarly, Carragee evaluated 32 immunocompromised patients with PSI treated with either anterior or posterior instrumentation and only reported one recurrence in 22 patients available for 10-year follow-up [33•] .
Structural bone grafting can be used in these situations for anterior structural support after debridement, but fusion can be challenging in situations of multilevel grafting and in the setting of infection. Common autograft sources used in spinal surgery include tricortical iliac crest, rib, and fibular strut. Humeral or femoral allograft struts are other options for bone graft in the setting of an extensive anterior debridement and/or corpectomy. While allograft avoids the morbidity of donor site harvesting, autograft is theorized to have superior rates of incorporation. While some concern exists with introducing allograft into infected surgical fields, several small case series suggest similar recurrent infection rates and clinical outcomes when compared to autograft [34, 35] . Performing corpectomies with cage reconstructions, Lu et al. reported recurrent infections after initial management in one of 19 allograft cases compared with one of 17 autograft (rib or iliac crest) cases within an average followup of 21 months with no implant failures reported [35] . Despite several case series suggesting equivalency to autograft, surgeons should exercise caution with the use of allograft in surgical management of PVO.
The use of cages with bone graft placed into vertebral defects after debridement is a helpful adjunct in reconstruction. Using expandable titanium cages for reconstruction of large defects from multiple contiguous corpectomies, Robinson reported successful outcomes in 25 patients with no PVO recurrence and significant improvements in ODI and VAS scores at 36-month follow-up [36] . Kuklo reviewed their experience with single-stage anterior titanium cages and posterior instrumentation in 21 patients, noting 2 repeat operations, an average of 12.3°improvement in kyphosis, and no reported deaths or neurologic complications at an average follow-up of 44 months [37] . Sundararaj similarly reported successful outcomes in 32 patients with single-stage anterior debridement with cage placement and posterior instrumentation, with neurologic improvement in 10/13 (76.9%) and good or excellent clinical outcomes in 30/32 (93.8%) [38] . Shetty reviewed their institution's experience of 27 posterior interbody fusions for spondylodiscitis, reporting no cases of cage migration, loosening, pseudarthrosis, or recurrence of infection at a mean follow-up of 30 months [39] .
Postoperative cases of discitis are rare and can be initially managed with antibiotic therapy in the neurologically intact patient. Conversely, cases of postoperative spondylodiscitis with internal fixation require surgical debridement [40] . Failure of medical management and/or neurologic deficit can be treated with debridement of the disc space and posterior interbody fusion [41, 42] .
Spinal Epidural Abscesses
The choice between operative and nonoperative treatment for SEA is controversial as well but tends to favor operative treatment due to the risk of neurologic injury with nonoperative management [43, 44] . Risk factors for medical management failure included documented MRSA infection, neurologic impairment, CRP > 115 mg/L, WBC > 12,500, and ring-like enhancement on advanced imaging. Even in patients not displaying risk factors, failure of medical management was reported between 8.3 and 17% [45] . Shah et al. retrospectively analyzed 367 patients who were treated nonoperatively for SEA and found independent predictors for failed nonoperative treatment included a motor deficit, sensory changes, pathological or compression fracture in affected levels, malignancy, diabetes, and posteriorly located abscesses with failure rates as high as 75% in patients with these predictors [46• ].
Decompression should be performed promptly to avoid the risk of irreversible neurologic deficits. While Ghobrial's study of 87 patients with SEA failed to find a significant benefit to early decompression (< 24 h), they suggested early surgery appeared to offer a benefit to patients presenting with neurological deficit [47•] . Rigamonti et al. demonstrated the risk of delayed treatment, finding that poor outcomes (death, incontinence, paraplegia) occurred in 9 of 19 patients (47%) treated after 24 h compared to only 1 of 10 patients (10%) treated promptly [48] . Patel et al. retrospectively reviewed 128 consecutive cases of SEA with 60% undergoing surgery and the rest were treated nonoperatively [15] . Over 40% of those treated nonoperatively required surgery and had significantly less improvement in motor scores than those treated with early surgery. While nonoperative treatment in neurologically intact patients with epidural abscesses is a treatment option, the risk of failed nonoperative treatment at around 25% and the potential for catastrophic neurologic deficits with delayed treatment supports early surgical management [46•] . Additionally, the etiology of the SEA has been shown to affect the results of surgical management. Zimmerer and colleagues reported on 16 primary SEA and 20 secondary SEA (16 of which were from discectomies), 34 of which underwent surgical management. Interestingly, 100% of the primary SEA improved with a single debridement, but 100% of the secondary SEA from discectomies required multiple debridements [49] .
Spinal Tuberculosis
Multidrug therapy has dramatically improved the rate of success for treating spinal tuberculosis. The mortality rate of TBVO approached 30-50% prior to the advent of multidrug therapy, which has since dramatically reduced to less than 1% with current therapy [5] . A prolonged course of multidrug therapy (isoniazid, rifampicin, pyrazinamide, ethambutol, streptomycin) should be undertaken in neurologically intact patients with preserved cord space. Close follow-up is required since prolonged chemotherapy and compliance is crucial to the successful management. While young, immunocompetent patients may be appropriate candidates for an abbreviated 6-month course of medical therapy, multidrug resistant strains may require up to 2 years of treatment [7] . While the addition of bracing may provide pain relief and prevent progression of spinal deformity, worsening kyphosis and sagittal imbalance is major long-term concern and requires close observation [18] . Percutaneous pedicle screw and rod constructs have been utilized as a less invasive method to prevent the progression of kyphosis with medical management but can occasionally require complex osteotomies for reconstruction. Yang and colleagues managed 34 patients with spinal TB patients by combining local and systemic chemotherapy with percutaneous pedicle screws in adjacent vertebra. They reported 27 patients with excellent outcomes, 7 with fair outcomes, no neurological complications, no loss of Cobb angle, and only one patient developed an abscess requiring anterior debridement with bone graft fusion [50] .
Surgical Treatment
Indication for surgery that have been cited in the literature include neurological deficit, failure to respond to medical therapy, spinal cord compression greater than 50% even without neurologic symptoms, gross spinal instability, greater than 4 involved vertebrae, focal kyphosis of 60°or more, pancolumnar involvement, large paraspinal and epidural abscesses, and severe pain [11, 51] . Prompt treatment within 3 months of neurologic deficit has been associated with improved neurologic outcomes, while greater number of levels involved, lower AIS grade, bladder and bowel dysfunction, and prolonged neurologic symptoms are associated with worse outcomes [52, 53••] . Halo traction can also be utilized preoperatively to assist with surgical correction of kyphotic deformity [54] . While it is the authors' preference that neurologic deficits in the setting of spinal cord compression should be managed surgically in order to expedite recovery and prevent permanent neurological deficits, some studies have reported neurological improvement with medical management alone. In a retrospective follow-up study, Jin-Tao and colleagues found complete resolution of neurologic deficits in 44% of patients treated operatively compared to 16.7% of patients treated nonoperatively at 6 months; however, neurologic recovery rates were nearly identical at 28 months (91.7% versus 94.4%, respectively) [55] . Surgical treatment within 2 weeks of starting chemotherapy can be performed safely and effectively, with patients showing improvements in ESR at longterm follow-up irrespective of their preoperative response to chemotherapy [56] . Surgical management has evolved over the last several decades, with circumferential approaches and instrumentation becoming more common. Chandra noted these recent treatment trends have led to decreasing paraplegia, with a 32% rate prior to 2004 and 11% from 2004 to 2011 [51] . Controversies regarding the surgical management of TBVO include surgical approach, timing of procedure, and deformity correction procedures. Thoracotomies can provide optimal anterior visualization for TBVO involving the thoracic spine, but they can also compromise pulmonary function. In patients with poor pulmonary function, extrapleural and transpedicular surgical approaches are potential alternatives to thoracotomies. Additionally, there is a growing body of evidence to support the safety and efficacy of posterior approaches for thoracolumbar TBVO decompression and fusion. Wang et al. compared anterolateral or posterior transforaminal approaches for surgical debridement and strut graft placement through anterolateral or transforaminal approaches followed by posterior instrumentation. The authors demonstrated better correction of kyphotic deformity with circumferential approaches for thoracolumbar lesions; however, significant morbidity was associated with circumferential approaches including increased operative times, estimated blood loss (EBL), complications, and hospital length of stays [56] . A metaanalysis comparing anterior versus posterior-based approaches for TBVO demonstrated greater Cobb angle correction with posterior approaches, but there were no differences in operative time, length of stay, loss of correction, or time to fusion [57] . Another meta-analysis found a similar efficacy for posterior approaches compared to combined posterioranterior (PA) approaches but once again there was an increased operative time, EBL, hospital length of stay, and complications in the PA group [58••] . Wang and colleagues assessed the minimum 5-year outcomes of three approaches including anterior, posterior, and combined, recommending posterior approaches over the other two approaches due to similar time to fusion and VAS scores, but less operative time, blood loss, and lower complication rate [58••] . Also, historically psoas abscesses required anterior approaches, but recent studies have demonstrated successful management of spinal tuberculosis with paraspinal or psoas abscesses with singlestage posterior debridement with instrumentation [59] .
Surgical management consists of debridement of all caseous, purulent, and granulation tissue, sequestered bone and bone that is compressing neural structures. Following debridement, cages packed with bone graft or structural grafts should be used to fill the voids [11] . The optimal choice of graft for anterior column reconstruction is controversial, with both iliac crest and titanium cages demonstrating similar outcomes and fusion rates. Wang et al. assessed the long-term outcomes of anterior radical debridement and reconstruction using titanium mesh cages for TBVO [60] . At 6 years, correction of kyphosis was maintained with no failures of instrumentation. Also, all patients improve in VAS back pain scores, neurological function, and all demonstrated a solid bony fusion with complete eradication of their infection. Similarly, Yin and colleagues compared 36 cases of posterior instrumentation for lumbosacral TB with anterior placement of either iliac crest (n = 19) or titanium mesh (n = 17), and reported similar improvements in functional outcomes, eradication of infection, fusion rates, and lower complication rates in the titanium mesh group [61] .
Although the cervical spine is less frequently affected by TB, cervical spine disease carries significant morbidity with risks of significant motor deficits including quadriparesis and retropharyngeal disease with respiratory compromise. Similar to thoracolumbar TBVO, patients with significant kyphosis, neurologic deficit, and multilevel involvement should be considered for operative management. Although Bhandari only noted 4 of their 42 patients required surgical decompression and stabilization for cervical TBVO, they reported duration of illness > 3 months, major motor deficit, bladder involvement, flexor spasms, significant spinal cord compression, and spinal extension of the abscess as significantly associated with poor outcomes [62] . Decompression and reconstruction should be performed at the site of significant spinal cord compression, which is commonly anterior due to kyphotic collapse and direct abscess extension into the spinal canal. Subaxial anterior cervical decompression and fusion with instrumentation is a safe and effective option for kyphotic cervical TBVO, with He reporting 25 patients (22 with multilevel involvement) with2 0°improvement in kyphosis, 100% fusion rate and resolution of TBVO, no graft or instrumentation related complications, and improvement in neurologic status in 90% (18/20) [63] . Surgeons should consider the addition of posterior instrumentation and fusion to augment anterior multilevel corpectomies and correction of significant kyphosis. For the kyphotic cervical spine, Pan and colleagues demonstrated that improvements in C2-7 sagittal vertical axis was the most important factor for improvement in NDI scores [64] .
A topic of concern in the surgical management of spinal TB is adjacent multisegment disease (Fig. 4) . Due to the significant destruction of the anterior and middle vertebral column of contiguous segments, there is an increased risk for severe kyphosis and spinal cord compression, which necessitate surgical intervention. Li et al. reviewed four surgical techniques for the treatment of adjacent multisegment spinal TB in 48 patients and discussed their relative indications. Single-stage anterior debridement, bone grafting, and anterior instrumented fusion was indicated in patients with two vertebral levels or less of significant bony destruction. Longer anterior constructs would experience a much greater amount of stress and increased risk for hardware failure; therefore, they recommended the addition of posterior pedicle screw instrumentation in cases involving three or more levels. Another technique described was a single-stage posterior debridement, bone grafting, and instrumentation, which was reserved when no extensive abscess or spinal cord compression was present, significant bony destruction was isolated to a single level, and the patient was in poor health. The last technique reported was a CT-guided percutaneous drainage with a delayed posterior approach, which was indicated for patients who could not tolerate open surgery and had no vertebral collapse or spinal cord compression [65] . Overall, all 48 patients were cured at final follow-up with graft union in 47 patients and concluded that individualized surgical techniques should be used based on extent of spinal involvement, the patient's health, and surgeon's experience. Zhang and colleagues also demonstrated excellent results using transpedicular debridement with posterior instrumentation and fusion for thoracic and lumbar TBVO in 59 patients. All patients had complete resolution of their disease and improved by one ASIA grade or more, and over 98% had radiographic evidence of a solid bony fusion [66] .
Severe kyphotic deformity (greater than 60 degrees) is functionally disabling and can result in late-onset paraplegia [11] . Due to the rigidity and significant deformity, severe lateonset kyphosis typically requires a three-column osteotomy, such as pedicle subtraction osteotomies (PSO) and vertebral column resection (VCR), to effectively correct the deformity. For thoracic kyphosis, the VCR is the preferred method to correct sagittal imbalance because it allows for anterior decompression of the acute kyphotic bend [67] . Although posterior VCR can provide upwards of 58°of correction in postinfectious kyphosis, it is technically demanding and there is significant morbidity associated with the procedure including an average EBL of close to 3 L and neurological complications such as spinal cord and root level injuries [68] . However, Liu and colleagues demonstrated the long-term efficacy and safety of VCR for kyphosis in 28 patients with cured spinal TB. After an average follow-up of 8 years, there were no mortalities; no severe complications related to instrumentation; significant improvement in kyphosis and sagittal balance of 40°and 13 mm respectively; nearly half the patients showed an improvement of greater than one ASIA grade; and significant improvement in disability, pain, and patient satisfaction scores [69] .
Conclusion
Spine infections include a heterogenous group of diseases including discitis, VO, and SEA. PSI are most commonly caused by S. aureus while granulomatous infectious are commonly caused by M. tuberculosis. Spine infectious typically have an insidious onset with nonspecific findings, which underlines the importance of having a high level of suspicion, particularly in patients with risk factors such as immunosuppression, IVDU, and recent travel to endemic areas. MRI with and without contrast is the imaging study of choice, but diagnostic culture via CT-guided or open biopsy is paramount for Fig. 4 Multisegmental TB spondylodiscitis involving L1-3 with an epidural abscess causing spinal cord compression (left) and bilateral psoas abscess (right) optimal treatment. Most spine infections can be treated with nonoperative treatment with antibiotics and bracing. Surgery is indicated for neurologic deficits, spine instability, progressive deformity, and failed nonoperative treatment. Additionally, clinicians should take into account risk factors that predispose to failed nonoperative treatment. The optimal surgical treatment depends on the location, extent of the infection, and degree of spine instability. While surgical treatment options include anterior, posterior, and combined approaches performed as a single-stage or two-stage procedure, the selection of approach and procedure should be tailored to the patient's pathology and clinical status.
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